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Abstract
An advantage has been found for acquiring text book knowledge by studying textbook summaries rather than reading the original prose (Reder and Anderson, 1980) . Two studies are presented that help to establish the cause of the summary advantage. One possible cause is that reading summaries allows the subject to re-read the main points at spaced intervals, and spaced practice is superior to massed practice. A second possible cause is that the presence of details distracts the subject's attention away from the critical ideas that should be attended to. In Reder and Anderson (1980) these two factors were confounded, but are unconfounded in the present studies. The results indicate that both possible causes, spaced practice and the absence of details, have significant, independent and positive effects on retention of the central ideas of a passage. Texts are intended to communicate a set of skills for reasoning and thinking cogently within the field. They include a large number of details to support the central ideas of the book. These details acquaint the student with the argument structure of the field. They may also persuade the student to believe the claims the text is making.
These potential functions of details do not address the issue of whether details support memory for the main points of a text. An important question is whether the inclusion of details is justified on the grounds of helping to retain the main points. One argument is that embellishments allow the reconstruction of the main points. Details imply the main point, although the converse is not true. The details, then,-could allow the student to induce a central idea when it has been forgotten.
There are alternative arguments that can be made for why details should not support memory for the important ideas. Cognitive scientists (e.g., Crothers, 1972; Frederiksen, 1975; Kintsch, 1974; Kintsch and van Dijk, 1975; Mandler and Johnson, 1977; Meyer, 1975; Rumelhart, 1975; Stein and Glenn, in press; Thomdyke, 1977) To our surprise, all seven experiments indicated that subjects learn information better when they read an abridged or summarized version of the original text than when they read the original chapter.
The advantages for summaries were maintained at retention intervals of 20 minutes, I week, and 6 to 12 months. Summaries were superior both for questions that directly tested assertions from the text and for inferences that required the subject to combine facts that had been studied. Subjects also learned new, related material better (regardless of input form) when prior information had been learned in summary form. The retention advantage was also manifest in reaction times, such that subjects answered questions faster (and also more confidently) when they read the summaries. Even when the main points in the text were underlined, subjects performed better with summaries.
The purpose of this investigation is to try to determine the cause of the summary advantage. Two hypotheses occurred to us:
1. Summaries allow subjects to focus more attention on the relevant or important information than is possible when they must assimilate all the information in a text. 2. The summaries have the advantage of spaced study whereas the text has massed study.
Because there is less material to read in a summary, the material can be read several
times.
Rather than focuiang on each main point in the summary for a long time, a subject can cycle through each main point several times at spaced intervals. In contrast, the prose can be thought of as consisting of one main point followed by its embellishing ideas, then a second main point and its corresponding details, etc. Because there is more information to read, a subject will probably only be able to read the prose version once in the allotted time. (Most of the earlier experiments equated study time in the two conditions. However, performance was superior in the summary condition even when the prose condition was allotted three times as much study time.)
The first argument, the focus of attention argument, is supported by related studies in the reading literature (Frase, 1967 (Frase, , 1968 (Frase, , 1971 (Frase, , 1972 (Frase, , 1975 Rothkopf, '1966 Rothkopf, ' , 1972 The second argument, the spacing of study time view, is supported by a :arge body of verbal learning literature that shows that for a given amount of study or rehearsal time, subjects remember much more when that study time is distributed rather than massed (e.g., Gartman, 1972; Glenberg, 1C76; Hintzman, 1969; Madigan, 1969; Melton, 1970) . One can view the prose version as forcing subjects into massed practice, viz., to pay attention to one idea (a main point and its embellishments)
for a long time, thereby having too little time to return to that idea later.
Our previous studies did not allow us to pull apart these two possible explanations for the summary The present set of experiments were designed to pull apart these two potential causes. This required going to a less "naturalistic" task. In the previous experiments, the prose condition allowed subjects to read, at their own pace, photocopies of the original text book passages. The summaries were also read at a subject's own pace. In the present experiments, subjects read all material on a computer-controlled video monitor. We orthogonally varied whether subjects studied embellishments with the main points and whether the equivalent study time was massed into one trial or distributed over three trials. The embellished, "massed" condition most closely approximates the normal prose condition; the unembellished spaced condition resembles the summary condition.
Experiment 1
Method
Four topics were selected for subjects to study. Subjects studied one top c in each of the four conditions: embellished-massed: embellished-spaced; unembellished-massed; and ur embellished-spaced. In the embellished-massed condition, a main point plus three details were presented on the screen at one time. These were displayed for a total of 42 seconds before the screen was erased and a new set of facts were presented. In the embellished-spaced condition, subjects saw one main point plus one detail on the screen at a given time. The fact and detail were presented for 14 seconds of study. Then the screen was erased and a different main point and embellishment were presented on the screen for study. The program cycled through all the main points in this manner. Then it went through the main points a second and a third cycle, each cycle r 8 with a different embellishment. In the unembellished-massed condition, a point was presented only once, but for 42 seconds. In the unembellished spaced condition, a main point was presented in isolation on the screen for 14 seconds, and then replaced by another fact. After all main points had been presented, the screen would cycle through the same main points again for a second time, and then a third time.
Order of presentation of the four topics for study was randomly determined as was assignment of topics to conditions under the constraint that the assignment of topics to conditions and order of conditions was counterbalanced over subjects. After subjects completed studying one topic, they
were asked questions about the material. After studying all four topics, they were asked more questions about each topic, in the order that they studied those topics. This second set of tests is referred to as delayed testing. The questions were all true/false. Latencies were surreptitiously recorded (in seconds) from the onset of the question until the response. The primary dependent measure was accuracy. Feedback concerning accuracy was not given. Subjects 32 subjects participated in the experiment in partial fulfillment of a requirement for their psychology course. The experiment took approximately 2 hours and they received 2 credits out of the required 3.
Materials
A design that balanced four topics, four conditions, and four presentation orders, required 16 subjects. So there were two subjects per design instantiation. questions whether the answers were correct or not. We are simply using these times as a guage of the difficulty of a condition. An analysis of variance was performed on the accuracy data using the above factors and treating the subject b', factor interactions as the error terms for each factor. A separate analysis using the same factors was performed on the latency data.
Results
Consider first the accuracy data in the immediate conditions. There is an advantage for spaced practice and an advantage for unembellished presentation of the main points. In the delayed condition, neither effect is maintained. At delay, spaced-embellished is better than massed embellished, and massed-unembellished is a more accurate condition than massed-embellished, but there appears to be one abberrant cell, viz., the unembellished-spaced condition. If the value in that cell had been elevated, there might have been more statistically significant effects. Only the effect of embellishment was reliable overall, E(1,31) = 7.36;p-.01, such that subjects are still better off learning without details. The effect of spacing was not significant (report F value). There was a marginally significant triple interaction of embellishment, spacing and delay, E(1 ,31) = 3.56,p<.07. The latter effect is probably spurious due to the especially low cell mentioned above.
7-A
We were surprised. not to find a significant effect of -,pacing as one finds ;n most learning situations. However, for several reasons we did not abandon the notion that spacing would have an effect. One reason was the latency data also displayed in Table 1 . Subjects are significantly faster to judge probes when the relevant information had been studied in spaced rather than in massed form, E(1,31) = 10.17;p<.O1. So rather than large differences in accuracy, the advantage of spacing was manifest in latencies to respond to the questions. There were no other significant effects on the latency measures.
The second reason why we felt the experiment may not have indicated as strong a role of spaced practice as warranted was due to the nature of our dependent measure. True/false questions may not have been sensitive enough to accurately reflect learning differences. 0 hers have found that spacing effects are weaker in a recognition task than in a recall task (e.g. Gler.berg, 1976; Ross and Landauer, 1978) . To discover whether the small effects were due to the nature of the criterion task, we decided to replicate Experiment 1 using a more sensitive retention test.
Experiment 2
In this experiment our dependent measure was accuracy to answer probe recall questions rather than true/false questions. The questions tended to be "wh" questions, e.g., "What keeps solutions uniform, thereby avoiding streaks on the negatives?" or "To whom did the Emperor abdicate?" We thought that this might provide a more sensitive measure of differences in learning than did the true/false questions; with greater variance in the means, we hoped to see strong effects of our manipulations. In all other respects, the second experiment was a replication of the first.
Method
Again, there were four topics and four conditions, the same as those used in Experiment 1.
Presentation order of topics and assignment of topics to conditions were randomly determined for each subject, using the same constraints as had been used for counterbalancing in Experiment 1.
The material was again presented on a computer controlled video-terminal. Half of the questions were asked after studying each passage. The remaining questions for all topics were asked after all four topics had been studied. Subjects were not given feedback as to the accuracy of their responses. The experiment took between two and three hours to complete.
Materials
Each of the four topics, ecology, geography, photography and Russian history, had 32 main points.
For each main point, one question was constructed. Typically the subject (focus) of the sentence or somie part of the predicate was deleted and the sentence was transformed into question format. The
Appendix gives some examples of questions used.
Subjects
Thirty-two subjects participated in the experiment so that we had two subjects per cell instantiation of the counterbalancing design. The experiment took 2 and one-half hours. Subjects either received 2 credits and $2.00 or 1 credit and $5.00. Table 2 presents the accuracy data for Experiment 2 for the eight conditions. In this experiment, response times were not recorded since subjects had to type in a phrase rather than select one of two -------------keys. The scoring of the answers, of course, required some degree of subjectivity. A scorer was presented, by computer, with the answers of all subjects to each question. The scorer rated each answer right or wrong. In that way consistency in ratings could be maintained and the rater was blind to condition of the response.
Results
As before, there was a significant effect of embellishment, f(1,31) = 90.04; 2<.001, such that subjects were better off studying the material without the "aid" of supporting details. This time,
however, there was also a main effect of spacing, E(1,31) = 21.51; 2<.001, such that subjects answered questions more accurately if they had studied the topics with distributed (or spaced) rather than massed practice.' There was also a main effect of delay, E(1,31) = 74.33; Q<.001; subjects remembered more immediately after studying the material than they did an hour later.
There was also a significant interaction of spacing with delay, E(1,31) =5.14; 2<.05. For some reason the benefit of spacing decreased with delay. This contradicts results such as those of Glenberg (1976) , where benefit has beetn shown to increase with delay. However, in these other experiments, the short delay is on the order of a few seconds, not one-half hour. It is also worth noting that, in this experiment, unlike Experiment 1, the unembellished-spaced condition at delay is not an abberrant point with respect to the main effects of spacing and embellishment.
Discussion
Both experiments indicate that there is a clear advantage of presenting material in an unembellished form and that this result is independent of the spacing of study. In Experiment 1, using a recognition memory paradigm, this advantage was only 2.7%, while in Experiment 2, using a recall measure, the size of this effect rose to 14.5%. Both experiments indicated an independent advantage of spacing (2.3% in Experiment 1 and 8.4% in Experiment 2.) The percentage recognition measure in Experiment I was not significant but there was a significant latency advantage for the spaced study condition. Theme results imply that in our previous experiments (Reder and Anderson, 1980) where embellishments and spacing were confounded, subjects were at a double advantage in the summary condition, receiving benefit both of spacing and lack of embellishment.
The clear implication of this research is that human memory should be considered a severely limited storage system. Providing a student with embellishments of a main point will take processing away from the main point and leave it at a disadvantage. The strong relationship that exists between the embellishment and the main point does little or nothing to promote memory for that main point
The pedagogical implications are also clear. In writing texts, one should be judicious in introducing details. Quite probably details do serve functions such as increasing interest and credibility. They also serve to acquaint the student with the argument structure of the field. However, they also seem to have a cost in terms of hurting memory for the central ideas. That cost should be weighed carefully against those possible benefits. 
